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Summary 
Depth discrete bulk sediment samples were collected from 15 different locations at the 
Wilson’s Corner site on the Kennedy Space Center during August 1996. Approximately 800 
feet of continuous core and 800 sediment samples were collected. Four hundred of the 
samples were analyzed for chlorinated volatile organic compounds (CVOCs) using a modified 
version of EPA Method 5021 for headspace analysis of CVOCs in soil and water samples. 

Sediments beneath the Wilson’s Corner Site at the Kennedy Space Center contain residual 
trichloroethylene (TCE), cis-dichloroethylene (LDCE), vinyl chloride (VC), and Freon-113 
(F113). Trichloroethylene has moved downward beneath source areas through the porous 
surficial aquifer along bedding planes until it encountered a silty sand and clay layer and 
then began to move laterally through the silty sand layer and along the top of the clay layer. 
Anaerobic biodegradation of trichloroethylene has produced cis-dichloroethylene and vinyl 
chloride along the migration path. The highest concentrations of CVOCs are immediately 
below the source areas and in a depression at the base of the surficial aquifer located south of 
the current stripper control room building. 

Currently the Wilson’s Corner Site has a network of recovery wells operating to maintain 
hydraulic control of the contamination and remove contaminant mass. Future remediation 
enhancements should focus on improved source term remediation and optimizing natural 
bioremediation, such as; Dual phase remediation of sediments in the source areas, 
installation of a deep recovery well near sampling location NASA1 where the depression in 
the surficial aquifer is located, air sparging at the leading edge of the plume to degrade 
biodegradation products, and targeted excavation of shallow contaminated soils. 
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Introduction 

The Wilson’s Corner site is located east of Titusville, Florida on the Kennedy Space Center 
(KSC) on the north side of State Route 402. Wilson’s C!orner was the location of the 
Propellant Systems Components Laboratory which was constructed in 1963. In addition to 
the laboratory building a facility for solvent cleaning of components such as rocket fuel lines 
was located east of the main building. Solvent storage tanks were located north of the main 
building. 

In January 1986 moderate to low concentrations of CVOCs were reported for 3 monitoring 
wells located a t  the Wilson’s Corner site. A groundwater remediation system for the 
contamination a t  the Wilson’s Corner site was constructed and began operation in 1989. The 
current system is stabilizing the groundwater contamination and removing dissolved 
contamination. Environmental personnel at KSC noticed that the CVOC concentrations in 
the recovered groundwater had leveled off at concentrakions above their remediation goals 
and decided to investigate ways to enhance the removal of CVOCs. All previous 
characterization studies focused on groundwater sampling and as a result there was very 
little information on the residual contamination in the soil and sediments beneath the 
Wilson’s Corner site. In 1994 KSC contacted the Savannah River Technology Center (SRTC) 
regarding the innovative technologies that had been studied a t  the Integrated Demonstration 
Site on the Savannah River Site. Following the discussions, KSC requested SRTC to conduct 
a detailed study of the residual contamination a t  the Wilson’s Corner site and to assist in 
identifying potential enhancements to the existing remediation system. This report presents 
the results of a detailed study of the residual CVOC contamination in the soil and sediment 
a t  the Wilson’s Corner site. 

Sampling and Analysis 
An innovative method for the sampling and analysis of CVOCs (Looney e t  al, 1993) in soil 
and groundwater, that was developed by the SRTC, was used to study the residual CVOC 
contamination in the soil and sediment at the Wilson’s Corner site. This method has 

. subsequently been refined by others, adopted and approved by the Environmental Protection 
Agency @PA) as Method 5021 (Rev. 0, January 1995). 

Depth discrete bulk sediment samples were collected from 15 different locations at the 
Wilson’s Corner site on the Kennedy Space Center during August 1996, Figure. 1, Table 1. 
Continuous core was collected to a depth of 50 - 55 feet i3t each location using steam cleaned 
hollow stem augers and split spoon sampling tubes. The total depth at each core location was 
determined by the location of the confining layer a t  the base of the surficial aquifer. Once 
the core had been removed from the ground, 2 - 3 cm3 salmples of the bulk sediment were 
immediately collected a t  2 feet intervals and a t  signL€ica,nt lithologic changes‘using a 
modified plastic syringe and transferred to a 22.5 mL glass vials. 5 mL of deionized water 
was added to each vial as a suspending solution (giving a total sample volume of 7 to 8 mL) 
and then a Teflon lined rubber septa and aluminum crimp top were placed on the bottle. AU 
samples were refrigerated until analysis. After the depth discrete bulk sediment samples 
had been collected the geologist providing technical oversight of the drilling prepared a 
detailed lithologic description of the core, (Appendix A) 

Prior to sampling the average weight of a 22.5 mL glass vial with 5 mL of pure deionized 
water and a Teflon lined rubber septa and aluminum cnimp top (tare) was determined. The 
weight of the sediment sample was determined by weighing the sealed sample bottle and 
subtracting the average tare weight. 
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Each sample was then analyzed using a#Hewlett Packard (HP) 5890 gas chromatograph (GC) 
equipped with an electron capture detector, a flame ionization detector, an HP 19395 
headspace sampler, and a 60 m widebore glass capillary column (Supelco VOCOLTM). The 
samples are heated to 70 degrees C in the autosampler prior to injection into the GC to 
maximize the transfer of CVOCs into the vapor phase (Looney et  al, 1993). A complete set of 
standards in water (7.5 mL) was run with each set of samples for calibration. This method is 
a slightly modified version of the newly approved EPA Method 5021 for headspace analysis of 
CVOCs in soil and water samples. 

The headspace method is best when used on sediment samples with minimal organic carbon 
content. High organic carbon content can produce results with lower than actual 
concentrations due to increased adsorption on the organic carbon. Several core locations had 
sediments with high organic carbon content in the 5 to 8 feet deep range and these results 
should be treated as  suspect. 

Resu Its 
Approximately 800 feet of continuous core and 800 sediment samples were collected. Four 
hundred of the samples were analyzed and a duplicate set was archived for future analysis as 
necessary. Results of the continuous coring indicate that the surficial aquifer is composed of 
a sandy shell hash and a silty mehum to fine grained sand. "he shell hash overlies the silty 
sand and varies in thickness from 8 - 25 feet. Occasionally the shell hash is present in 2 
layers separated by fine grained sand. The surficial aquifer was deposited in a shore zone 
depositional environment and as a result has well developed bedding planes. The surficial 
aquifer is overlain by backfill, peat, and silty sand and is underlain by a silty clay layer 
approximately 50 feet deep, Figure 2. The clay layer generally dips from east to west and has 
a local low in the center of the Wilson's Corner Site, Figure 3. On Figure 3 the color contours 
illustrate the structure of the top of the clay layer and the columns depict the cored locations 
and total sampling depth. 

Trichloroethylene (TCE), cis-dichloroethylene (cDCE), vinyl chloride (VC), and Freon- 113 
(F113) were the primary CVOCs detected, Table 2. Breakdown products of F113 were also 
detected but not quantified due to a lack of calibration standards. Locations NASA3 and 
NASA5 had the highest concentrations of CVOCs as was expected since these locations are in 
the immediate vicinity of known source areas. CVOCs were present from the surface to the 
bottom of the surficial aquifer a t  NASA3 and NASA5. Figures 4 - 7 show the 
trichloroethylene, cis-dichloroethylene, vinyl chloride and Freon-113 profiles for 4 sampling 
locations, NASA1, NASA3, NASA5 and NASA6. Results from the sample analysis vary over 
5 orders of magnitude and as a result the concentration is plotted on a log scale in figures 4 - 
7. 

Sampling locations NASA3 and NASA5 are characteristic of source areas and.NASA1 and 
NASA6 are downgradient on the primary migration path. Trichloroethylene has migrated 
farther than Freon-113 has as shown by the presence of trichlorethylene in NASA 1 and 
NASA6 and the lack of detectable Freon-113 in the same locations. 

Data from the soil analysis was compiled into a contaminant model using 3 dimensional 
interpolation. The interpolation was performed using earthvision a product of Dynamic 
Graphics Inc. Earthvision uses a 3 dimensional minimum tension gridding algorithm to 
interpolate 3 dimensional data sets and can incorporate a vertical influence factor and 2 
dimensional surfaces to constrain the model. In the Wilson's Corner model the vertical 
influence factor was used to increase the weighting in the lateral direction for interpolation 
to simulate the effect of bedding planes on contaminant migration. 
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Two dimensional surfaces were prepared for the surface topography, water table, and top of 
the clay layer using data from the field work. The top and bottom of the contaminant model 
were constrained using the surface topography and top of the clay layer respectively. 

The 3 dimensional migration yields a complex contamination pattern that is difficult to 
determine with conventional groundwater investigation methods. In  Figure 8, a slice 
through the model reveals the pattern of contaminant :migration beneath the equipment 
cleaning facility. The low concentrations at the bottom of the surficial aquifer beneath the 
source area in Figure 8 are due to contaminant removal from operation of recovery well 
NPSH-1. The high concentrations west of the source area in Figure 8 are in the depression 
in the clay layer at the base of the surficial aquifer. Note that cis-dichloroethylene and vinyl 
chloride have formed around the trichloroethylene in the depression and are migrating 
westward ahead of the trichloroethylene. 

In Figure 9 you can see two primary contaminant source areas and the contamination that 
has resulted from downward and lateral migration. This pattern suggests that the 
contaminant moved downward through the porous surlicial aquifer along bedding planes 
until it encountered the clay layer and then began to move laterally through a silty sand 
layer along the top of the clay layer. The lateral cross section through the model, a t  the base 
of Figure 9, reveals two areas of elevated TCE concentration just above the clay layer. The 
area of elevated TCE in the center of the site is the result of the migration of TCE fkom the 
sources along bedding planes and the top of the clay layer and into the depression that was 
shown in Figure 3. This is typical behavior of Dense Non-Aqueous Phase Liquids, (DNAPL) 
such as TCE. Again note that cis-dichloroethylene and vinyl chloride have formed around 
the trichloroethylene and are migrating westward ahead of the trichloroethylene. In 
addition, two aspects of the site remedial operations maly enhance the pooling of 
contaminants in the region of the depression. First, there are no recovery wells a t  any depth 
in the vicinity of the depression to remove soluble contaminants. Second, the region is 
overlain by two major irrigation circuits which produce a vertical recharge gradient that may 
act to force or flush contaminane downward. 

The trichloroethylene in the subsurface at Wilson’s Comer has weathered forming cis- 
dichloroethylene and vinyl chloride. The weathering is the result of in-situ anaerobic 
biodegradation. The weathering byproducts are most concentrated in the peat layer beneath 
the source areas, and beneath the trichloroethylene in the depression in the clay layer. The 
high organic carbon content of the peat has adsorbed large amounts of trichloroethylene and 
produces a strong reducing environment optimal for anaerobic biodegradation producing cis- 
dichloroethylene and vinyl chloride. Vinyl chloride is resistant to further anaerobic 
biodegradation and will continue to accumulate in the subsurface unless it migrates into an 
aerobic environment where it can be degraded to C02, (21, and water. 

Trichloroethylene trapped in the depression has begun t;o biodegrade into cis-- 
dichloroethylene and vinyl chloride. Cis-dichloroethylene and vinyl chloride that formed a t  
the fringes of the trichloroethylene in the depression are migrating southwestward with the 
ambient groundwater flow toward recovery wells NPSH6 and NPSHBO. No 
trichloroethylene was detected in NASA6 however, both cis-dichloroethylene and vinyl 
chloride were detected in NASA6 indicating that the leading edge of the trichloroethylene 
plume is currently biodegrading faster than it is moving. This data is consistent with 
monitoring results for well NPSHBO which has had no detectable trichloroethylene but has 
had cis-dichloroethylene and vinyl chloride. 
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Conclusions 
Sediments beneath the Wilson's Corner Site a t  the Kennedy Space Center contain residual 
trichloroethylene (TCE), cis-dichloroethylene (cDCE), vinyl chloride (VC), and Freon-1 13 
(F113). The residual CVOCs are present in the following forms: 

Trichloroethylene moved downward beneath source areas through the porous surficial 
aquifer and along bedding planes until it encountered the clay layer and then began to move 
laterally along the top of the clay layer. Anaerobic biodegradation of trichloroethylene has 
produced cis-dichloroethylene and vinyl chloride along the migration path. The highest 
concentrations of CVOCs are immediately below the source areas and in the depression in 
the clay layer a t  the base of the surficial aquifer. 

Currently the Wilson's Corner Site has a network of recovery wells operating to maintain 
hydraulic control of the contamination and remove contaminant mass. Future remediation 
enhancements should focus on improved source term remediation and optimizing natural 
bioremediation. Potential enhancements include: 

Adsorbed to shallow peat layer and aquifer matrix 
Diffused into porous shell fragments and fine grained sediments 
Micro-droplets trapped in individual pore throats 

Dual phase remediation of sediments in the source areas. This would include 
installation of a shallow recovery well screened kom 12 - 27 feet near NF'SHl and 
NPSH14 and pumping hard enough to lower the water table below the top of the screen. 
Vacuum extraction would be simultaneously performed on the shallow recovery well. 
Vacuum extraction will draw air downward through the contaminated peat layer and 
sediments and into the exposed well screen efficiently removing the volatile 
contaminants while the pumping will recover highly contaminated water from the most 
permeable zone a t  the Wilson's Corner Site. 
Install a deep recovery well near sampling location NASAL After the dual phase 
remediation has been operated, a deep recovery well could be installed near NASA1 to 
remove the trichloroethylene that has migrated down to the base of the surficial aquifer 
preventing further diffusion into fine grained sediments and naturally migrating 
groundwater. 
Air sparging between NPSH 5 and NPSH20. Addition of air to the downgradient 
extent of the contamination would produce aerobic conditions capable of supporting 
biodegradation of cis-dichloroethylene and vinyl chloride. 
Targeted excavation and on-site management through biopiles. Limited 
excavation of shallow (-40 feet deep) contaminated sediments a t  source areas that 
remain after dual phase remediation could be beneficial if the waste is managed on-site 
through biopiling. Biopiling is a cost effective method for on-site remediation of 
excavated soils containing volatile and biodegradable contaminants. 
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Table 1 Coordinates'tor sample locations at  the Wilson's Corner Site. 

Location Id Easting (feet) Northing (feet) Surf. Elev. (ft, msl) 
NASAl 595,657.98 1,566,770.46 7.25 
NASA2 595,881.07 1,566,703.44 8.7 
NASA3 596,070.49 1,566,785.33 8.14 
NASA4 595,997.15 1,566,881.07 8.16 
NASA5 595,813.02 1,566,933.90 7.7 

I NASA6 I 595,436.91 I 1,'566,715.65 I 6.32 
NASA7 595,521.68 1,566,884.84 7.24 

~~ 

NASA9 595,747.67 1,1566,552.52 6.97 
NASA10 595,176.13 1,566,682.56 5.53 
NASAl 1 596,173.38 1,!567,003.41 9.64 
NASA14 595,833.11 1,!566,783.49 8.52 
NASA16 595,986.54 1,1566,975.14 8.44 
NASA17 595,333.69 1,!566,556.48 4.99 
NASA18 596,195.57 1,!566,867.68 8.46 
NASA19 595,225.22 1,!567,128.44 7.15 

Table2 Summary of primary contaminants detected in bulk sediment samples a t  the 
Wilson's Corner Site. 

Chlorinated Detection Limit Location of 
Volatile Organic 

Trichloroethylene NASA3,9 feet deep 

cis-Dichloroethylene 0.001 87.36 NASA5,7 feet deep 
~ 

Vinyl Chloride 0.001 6.45 NASA5, 7 feet deep 

Freon 113 0.001 42.11 NASA5,7 feet deep 
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Figure 8 Cross section through 3 dimensional models of trichloroethylene, cis-dichloroethylene, and vinyl chloride results 
from headspace analysis of sediment samples. 
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Appendix B 

Results from Headspace Analysis 

of Sediment Samples Collected 

at the Wilson’s Comer Site 
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feet ugwl 
LOC. Id depth 1 elevation VCI I F-I  13 cis-DCE Samp. Id 
NASA-5 1 I 7 <0.001 I 0.191 0.004 0.002 NASA0500 
NASA-5 3 5 0.188 7.204 0.585 0.171 NASA0501 

0.463 15.767 0.481 NASA0502 NASA-5 5 3 2.711 
NASA-5 7 1 6.461 42.107 87.357 4.143 NASA0503 
NASA-5 9 -1 4.251 21.816 45.315 2.108 NASA0504 , 
NASA-5 11 -3 1.397 11.006 7.468 0.381 
NASA-5 13 -5 2.774 0.541 1.463 0.021 

-- 
NASA-5 15 -7 3.049 0.816 1.346 0.030 NASA0507 
NASA-5 17 -9 3.493 0.099 0.936 0.005 NASA0508 
NASA-5 19 -1 I 0.753 0.01 5 0.358 <0.001 NASA0509 
NASA-5 21 -1 3 1.522 1.267 1.081 0.054 NASA0510 
NASA-5 23 -1 5 0.606 0.856 0.570 0.030 NASA051 1 
NASA-5 25 -1 7 0.285 1.309 0.750 0.161 NASA051 2 
NASA-5 27 -1 9 0.282 1.101 0.752 0.149 NASA0513 
NASA-5 29 -2 1 0.473 1.314 0.857 0.792 NASA0514 
NASA-5 31 -23 1.585 5.454 2.756 0.546 NASA0515 
NASA-5 34 -26 0.222 1.069 0.721 0.310 NASA0516 
NASA-5 35 -27 <0.001 1.178 0.771 0.907 NASA0517 
NASA-5 37 -29 0.076 1.270 0.998 I 1.698 NASA0518 
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NASA-I 0 
NASA-I 0 
NASA-I 0 43 

INASA-11 I 49 I -39.36 I <0.001 I <0.001 I1 <0.001 I <0.001 I NASA1124 I 
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'NASA-? 6 7 1.44 1.071 I 1.421 0.277 0.093 NASA1 603 
NASA-I 6 9 -0.56 1.013 1 <0.001 0.749 <0.001 NASA1604 
NASA-I6 11 -2.56 <0.001 1 0.030 0.063 0.017 NASA1605 
NASA-I 6 13 -4.56 <0.001 I 0.009 0.018 0.006 NASA1606 

3 

'NASA-1 6 
NASA-I 6 
NASA-I 6 
NASA- 1 6 
NASA- 16 

3 

15 -6.56 0.765 0.006 0.595 0.009 NASA1607 
17 -8.56 0.386 0.029 0.387 0.021 NASA1608 

19.75 -1 1.31 <0.001 <0.001 <0.001 <0.001 NASA1609 
21 -12.56 <0.001 <0.001 <0.001 <0.001 NASA1610 
23 -14.56 <O.OOl <0.001 0.007 <0.001 NASA1611 

3 

NASA-I 6 25 
NASA-I6 27.5 
NASA-I6 29 
NASA-I 6 31 

J 

-16.56 <O.OOI 1 <0.001 cO.001 <0.001 NASA1612 
-19.06 0.002 <0.001 <0.001 <0.001 NASA1613 
-20.56 <0.001 <0.001 <0.001 <0.001 NASA1614 
-22.56 0.197 <0.001 <0.001 <0.001 NASA1615 

3 

NASA-I6 I 33 
NASA-I6 1 35 

-24.56 I <0.001 1 <0.001 <0.001 <0.001 NASA1616 
-26.56 I <O.OOI 1 <0.001 <0.001 <0.001 NASA1617 
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